This paper describes the differentiation between native Korean cattle (Hanwoo) and Holsteins or imported cattle using the real-time polymerase chain reaction (PCR) by targeting the sequence of the melanocortin 1 receptor (MC1R) gene. A rapid and accurate method was developed to identify Hanwoo by genotyping the DNA extracted from 295 commercial beef samples (obtained from 5 provinces in South Korea) labeled as Hanwoo beef. The results of real-time PCR assays for the proportions of Hanwoo were 84, 85.7, 95, 91.4, and 90% in the areas of Seoul, Joongbu, Youngnam, Honam, and Chungcheong, respectively. Thus, the beef samples from 295 butcher shops, which asserted to only sell Hanwoo, showed that 259 of 295 samples were of the Hanwoo beef gene type (T-type) and 36 of 295 samples were Holsteins of imported dairy cattle gene types (C-type or C/T type). In conclusion, the proportion of Hanwoo beef was 87.8% and the proportion of Holstein or imported dairy cattle meat was 12.2% (C-type: 9.8%, C/T-type: 2.4%). Generally, most consumers can not differentiate imported meat from Hanwoo beef. Therefore, Hanwoo beef and imported dairy cattle meat that is sold in butcher shops should have mandatory identification by using MC1R genotyping based on real-time PCR.
Introduction
Korean consumers prefer beef from Korean native cattle (Hanwoo) to imported beef because they believe that juiciness and flavor of Hanwoo beef are better than those of imported beef (Kim et al., 1993) . Therefore, Hanwoo beef has been regarded as the most expensive and high quality beef in South Korea. However, misbranded meat is often a target for fraudulent labeling because producers may replace more expensive products by others of inferior quality (Pfeiffer et al., 2004) .
In order to protect consumers and ensure meat traceability, many molecular techniques have been reported for food authentication in an effort to prevent fraud (Koh et al., 1998) .
Although, in general, coat color and visual discrimination are used frequently as district methods of breed identification, discrimination of slaughtered cattle is impossible. Recently, it has become possible to distinguish between breeds of cattle owing to developments in the field of biotechnology at the DNA level. The use of PCR in molecular diagnostics has increased to the point where it is now accepted as the gold standard for detecting nucleic acids from a number of origins, and it has became an essential tool in the research laboratory (Fairbrother et DNA extraction from raw meat DNA was extracted from raw meat using a modified PowerPrep TM DNA Extraction kit (Kogene Biotech, Seoul, Korea). Each 10 mg sample was diluted with 400 µL of lysis buffer A and 40 µL of lysis buffer B in a microtube and mixed for 10 sec; 5 µL of proteinase was added before incubation at 65 o C for 30 min; then, 400 µL of chloroform was added, and the samples were centrifuged for 10 min at 12,000 rpm. Supernatant of volume 300 µL was used to extract the DNA according to the manufacturer's instructions. DNA was stored for a short term at 4 o C or for long term at -20 o C.
Materials and Methods

Meat samples
Real-time PCR primers and TaqMan MGB probes
The following universal oligonucleotide primers were used: MC1R-FW (5'-GCTGGAGACGGCAGTCAT-3'; positions 559 to 576) and MC1R-RW (5'-TCCAGCT-GCTGCACCAC-3'; positions 617 to 633); these primers were expected to yield a specific DNA fragment of 75 bp in all the samples. Further, the following probes were used: 6-carboxyfluorescein (FAM)-labeled TaqMan MGB probe (5'-FAM-CCAGGACACCGCCT-MGB-3') that recognizes the missed guanine allele and VIC-labeled TaqMan MGB probe (5'-VIC-CCAGGACACGGCCT-MGB-3') that recognizes existent guanine allele (Livak, 1999) . The primer and probe sets were used using real-time PCR Kit (Kogene Biotech, Seoul, Korea) by mixing.
Amplification of MC1R by real-time PCR
For each real-time PCR, a 10 µL of reaction mixture was used containing 50 ng of template DNA, 2 µL of primer mixture, 1 µL of probe mixture, and 5 µL of 2 × master mix. Reactions were assembled in Axygen thin-walled 96 well plates with optical caps and run on a real-time PCR 7700 system (GeneAmp PCR System 9600 Thermal cycler, Perkin Elmer, CA, USA) with the following thermal cycling protocol: activation of uracil DNA glycosylase (UDG) for 3 min at 50 
Analysis of data
The graphs were compared to determine whether the samples contained Hanwoo, Holstein, or mixed Hanwoo and Holstein beef.
Results and Discussion
Because consumers want to be protected from falsely labeled meat products, food labeling regulations require the identification of meat in the meat products so that they are accurately labeled (Krkoska et al., 2003; Pascal and Mahe, 2001 ). In results for the analysis of the 99TC mutation in the MC1R gene, VIC-labeled probe was used to detect the Holstein and imported beef (Allele T), and a FAM-labeled probe was used to detect the Hanwoo (Korean Native Cattle) beef (Allele C) ( we found a single base substitution (T to C) at the 99 bp position, resulting in an amino acid change (Leu to Pro). Thus, as seen in Fig. 1 , we distinguished between Hanwoo, Holstein, and Angus cattle using real-time PCR, and we proved that real-time PCR was better than existing methods for identification of the source of the beef. As seen in Table 1 , most samples (from 11 of 25 wards in Seoul) (100%), including samples from Gangnam, Gwanak, Geumcheon, Dobong, Dongdaemoon, Dongjak, Seocho, Sungdong, Songpa, Eunpyung, and Joonglang, were found to originate from Hanwoo cattle as identified by the coat color of cattle containing the T type gene. On the other hand, the samples from 12 of 25 wards (75% shop), including Gangdong, Gangbuk, Gangseo, Gwangjin, Guro, Nowon, Mapo, Yangcheon, Youngdeungpo, Yongsan, Jonglo, and Joong, were found to contain the T type gene (Hanwoo cattle), and the remaining 25% shop of the samples were found to contain the C type gene or C/T type. Although all samples were labeled as Hanwoo beef, samples from 2 of 25 wards, Sungbuk and Seodaemun, were found to contain the genes of Holstein or imported cattle (C/T type or C type) with 50%. From Seoul, the Korean capital, 100 samples were obtained from butcher Table 2 . The Joongbu province consists of Gangnung, Ansan, Koyang, and Suwon. The results revealed that 100% of the samples from Gangnung (from all 15 cities) contained the Hanwoo cattle gene (T type); 86.6% of the samples from Ansan (from 13 out of 15 cities) contained the Hanwoo cattle gene (T type), and the remaining samples contained the Holstein cattle gene (C type or C/T type); further, 80% of the samples from Koyang and Suwon (from 16 out of 20 cities) contained the Hanwoo cattle gene (T type). In the Youngnam province, 95% of the samples (from 38 out of 40 cities) were found to contain the Hanwoo cattle gene (T type). In the Honam province, 91.4% of the samples (from 32 out of 35 cities) were found to contain the Hanwoo cattle gene (T type). In the Chungcheong province, 90% of the samples (from 45 out of 50 cities) were found to contain the Hanwoo cattle gene (T type). As seen in Fig. 2 , our study was carried out to identify the Hanwoo beef by genotyping the DNA extracted from 295 commercial beef samples. Real-time PCR using MC1R revealed that 87.8% of the butchers sold authentic Hanwoo beef, while 12.2% of the butchers sold Holstein or imported beef fraudulently as Hanwoo beef. In conclusion, real-time PCR using the MC1R gene is a powerful technology, which is accurate, simple, and relatively fast, with good sensitivity and specificity. The potential of the described procedure to detect Region of Seoul in Korea. 2) Region of Joongbu in Korea: Koyang, Ansan, 2-3) Suwon, [2] [3] [4] Gangnung, 3) Region of Chungcheong in Korea. 4) Region of Youngnam in Korea. 5) Region of Honam in Korea.
the origin of the beef in a sample may make it a useful tool for inspection programs to enforce labeling regulations of game and other meat products. Thus, the method described in this study could be a useful initial molecular test for discrimination between Hanwoo and Holstein or imported beef, and it could contribute to the reduction of incorrect or falsified labeling of food. Additionally, in order to improve the ability to discriminate between the types of cattle, more effective methods using other combinations of genetic analysis are required.
